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This paper deals with the deposition of palladium from decomposition f a thin palladium acetate layer on rough and porous 
alumina ceramic surfaces by irradiating it with a UV excimer laser. The palladium acetate layer was formed from a combination of
propyl glycol methyl ether acetate solvent and photoresist, and the undecomposed material was removed with the photoresist 
remover. The discontinuous palladium cluster film formed by the technique was used as seed for electroless coatings. Different 
patterns were obtained using point focus as well as projection patterning method and subsequently plated with adhesive layers of 
electroless Ni-B coatings. 
1. Introduction 
The use of a laser for direct deposition of 
metals on conducting and non-conducting surfaces 
has been the subject of much attention in recent 
days [1,2]. Attempts have been made to deposit 
metal from gas phase [3-5], liquid phase [6-11] 
and thin metallo-organic films [12-20]. The de- 
position from solid state metallo-organic film 
offers the advantage of increased safety and ease 
of handling. Moreover, such films can be formed 
on surfaces from spin, spray or dip coatings and 
can be decomposed in air at lower temperatures 
(200-300 oC). In the literature, most of the work 
deals with the decomposition of metallo-organics 
on quartz or silicon substrates; little information 
is available on ceramic substrates, which is an 
interesting subject o be investigated. 
This paper reports the results of deposition of 
palladium from a palladium acetate film formed 
from a combination of propyl glycol methyl ether 
acetate and photoresist. The palladium-containing 
metallo-organic film was formed on rough and 
porous commercial ceramic and irradiated with a 
1 On study leave for post-doc from Bhabha Atomic Research 
Centre, Bombay, India. 
UV excimer laser. This combination was studied 
since the palladium acetate-chloroform system as 
reported by Gross et al. [17] was not suitable for 
the studied substrates as we could not remove 
unwanted palladium acetate after irradiation, 
leading to plating of electroless nickel all over the 
substrate surface. 
2. Experimental 
A xenon chloride excimer laser (Lambda Physik, 
Model LPX 100) producing 25 ns pulses at 309 
/~m was used in the study. The laser beam was 
focussed at the substrate surface with a rectangu- 
lar slit of size 18 x 5 mm and with a cylindrical 
lense having a focal length of 550 mm. 
The substrates used were commercial alumina 
plates of 50 x 50 x 0.6 mm, having a purity of 
96.0% to 99.5%. Without any special cleaning or 
pretreatment of the alumina ceramic, the pal- 
ladium acetate films were spin- and dip-coated 
from a solution of 1 g palladium acetate dissolved 
in 100 ml of propyl glycol methyl ether and 4 g of 
photoresist (Photoposit SP-20 ~,1). The coating was 
*~1 Supplied by M/S Shipley Europe Ltd., England. 
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dried in an oven at 70-80°C for 1 h and then 
irradiated with the laser. The unexposed material 
was removed by washing in a solution of photore- 
sist remover (Photoposit remover 1112A =1). 
The deposited layer of palladium was plated 
with Ni -B coating from an electroless Ni -B bath 
containing 0.15M nickel chloride, 0.4M glycolic 
acid, 0.3M lactic acid, and 0.05M dimethylamine 
borane. The bath was operated at an pH of 6.0 
and at a temperature of 65°C for 1 h. The thick- 
ness of the palladium acetate layer on the ceramic 
was measured by a Dektak surface profilometer 
(Dektak 3030) with a stylus of 12.5 /zm radius. 
Energy dispersive X-ray analysis (EDAX)and 
scanning electron microscope (SEM) were used to 
investigate the palladium layer obtained after laser 
irradiation. The adhesion of the coating obtained 
after electroless plating was measured by the "tape 
peel off" test. 
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Fig. 1. Energy dispersive X-ray analysis of a palladium layer 
on alumina after laser irradiation. 
3. Results and discussion 
The alumina ceramic substrates with a thin 
layer of palladium acetate obtained by spin and 
dip coatings were initially irradiated in the focal 
point of the optical system having beam size of 
0.4 x 0.1 mm. The laser beam was set at varying 
energies (10-50 mJ/pulse) and repetition rates 
(20-100 Hz). Adhering layers of palladium were 
obtained, when irradiated for 30-50 pulses, at 
energies of 15-20 mJ/pulse (1-2 mJ /mm 2) and 
at frequencies of 80-100 Hz. Good adhesion was 
obtainable in the samples having a palladium 
acetate layer of less than 1 /~m, where the laser 
light penetrates ufficiently through the film, to 
the film/substrate interface. Samples having more 
than 1 /zm thickness resulted in palladium layers 
which were washed away while cleaning the unex- 
posed surfaces. 
The results of the examination by EDAX and 
SEM are presented in figs. 1 and 2. The presence 
of palladium on the irradiated spot, seen by EDAX 
measurement is shown in fig. 1. The EDAX stud- 
ies have confirmed that the deposited material is 
indeed palladium and has no detectable impurity. 
The SEM pictures of the ceramic surface before 
and after laser irradiation showing the mor- 
Fig. 2. Scanning electron micrographs of alumina ceramic 
before and after laser irradiation: (a) before laser irradiation, 
(b) after laser irradiation. 
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phology of the deposited palladium are presented 
in fig. 2. It can be seen from fig. 2 that palladium 
is being deposited as a discontinuous film on the 
grains of the ceramic. These particles of palladium 
are favourable for electroless plating since they are 
more catalytically active than continuous pal- 
ladium deposits [21]. A possible reason for the 
formation of discontinuous clusters could be the 
exothermic reaction of palladium acetate at its 
decomposition temperature, as can be seen from 
the measurement of differential thermal analysis 
(fig. 3). The decomposition of palladium acetate, 
as measured by the thermal gravimetric analysis, 
was found to be incomplete (about 50%) in the 
temperature range of 208-400°C (fig. 3). The 
remaining undecomposed palladium acetate was 
removed from the surface by photoresist remover. 
Following the encouraging results with the 
strongly focussed laser beam, different patterns of 
palladium layers were produced using the projec- 
tion patterning technique. Fig. 4 shows the photo° 
micrograph of the patterns drawn by this tech- 
nique. As can be seen, a sharp edge without any 
palladium particles in the surrounding areas was 
achieved, which is normally not attainable by the 
use of an argon laser [17]. The irradiated lines thus 
obtained were subsequently plated with electroless 
Ni -B coatings to a thickness of 3 /~m. The ad- 
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4. Conclusions 
Alumina ceramic was prenucleated with pal- 
ladium by a laser from a thin solid layer of pal- 
ladium acetate formed from a combination of 
propyl glycol methyl ether acetate and photoresist. 
The discontinuous palladium cluster film formed 
on the alumina surface was used as seed for elec- 
troless plating. Different patterns were obtained 
by using a point focus and the projection pattern- 
ing method. Lines with a sharp edge without any 
palladium particles in the surrounding area were 
achieved. Since palladium acetate decomposes at 
lower temperature (208 °C), the method can be 
successfully used for prenucleating other non-con- 
ducting materials. 
Work is in progress to achieve similar patterns 
on anodized aluminium for use in the electronic 
industry. 
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Fig. 4. Photomicrographs of palladium layer pattern on alumina 
ceramic after laser irradiation: (a) Line pattern drawn at scan 
rate of 300-400 ~tm/s. The single lines are each 0.25 mm wide 
with line-to-line spacing of 0.20 to 1.0 mm. (b) Pattern ob- 
tained at laser power densities of 1.1, 1.5 and 1.95 mJ /mm 2. (c) 
Pattern obtained at laser power density of 1.5 mJ /mm 2 having 
lines of 0.50 mm width. 
hesion of these coatings measured by the "tape 
peel off" method passed the test showing good 
adhesion of the coatings. 
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